ABSTRACT Infectious bursa disease virus (IBDV) pathogenesis is characterized by increased numbers of T cells and decreased numbers of B cells in the bursa. Currently, little is about the key factor that affects T migration into bursa. In humans, CC chemokine ligand 19 (CCL19) recruits monocytes and neutrophils and is usually involved in various inflammatory disorders. The aim of this study was to assess the roles of CCL19 in driving peripheral blood cells infiltration into bursa of Fabricius of chickens infected with IBDV. Bursal samples were collected from chickens of the infection group and the control group on day 1, 3, 5, and 7 post infection (dpi) with IBDV. The mRNA or protein levels of ccl19 and ccr7 genes in bursae were determined by realtime PCR and immunohistochemistry (IHC) methods. Moreover, an in vitro chemotaxis assay was performed to evaluate the chemotaxis ability of CCL19 and bursal total protein. The results have displayed that the mRNA levels of ccl19 were significantly increased on 1, 3, 5, and 7 dpi in the infection group. The highest value amounted to 73.4-fold of the control group. Also, the mRNA levels of CCR7, the receptor of CCL19, began to increase on 3 dpi and reached to the highest value of 206.3-fold on 5 dpi after IBDV infection. Then the gene expression of CCR7 in bursae of the infection group returned to the normal level. IHC results of CCL19 protein level accorded with the mRNA levels of CCL19, with the highest value on 5 dpi. Then, in vitro chemotaxis test demonstrated that the total bursal protein had the ability of recruiting peripheral white blood cells (PWBC) and the migration percentage was a little higher than that of the blank control with only basal medium (P < 0.05). Taken together, these data suggest that CCL19 acts as a chicken PWBC chemotactic factor and facilitate the infiltration of PWBC (especially T cells) into the bursae after IBDV infection.
INTRODUCTION
Infectious bursal disease virus (IBDV), one of the most important pathogens affecting the poultry industry worldwide, mainly infects chickens aged 3 to 15 wk (Mahgoub et al., 2012) . When chickens were infected with IBDV, B cells in bursa came to apoptosis and/or depleted, meanwhile massive T cells and other immune cells migrated into bursa (Ruby et al., 2006) . These immune cells can produce cytokines, and therefore each has the potential to influence host responses to IBDV infection. Also, some pro-inflammatory cytokines such as IL-1 and IL-6 were produced to induce inflammatory response (Eldaghayes et al., 2006 T cells into bursae could regulate IBDV pathogenesis by promoting viral clearance, tissue damage, and delaying follicular recovery (Rautenschlein et al., 2002) . However, the mechanisms of which massive T cells and other immune cells migrated and infiltrated into bursae have not been well understood.
CC chemokine ligand 19 (CCL19, also known as macrophage inflammatory protein-3β and EBI-1 ligand chemokine) is a small cytokine belonging to the CC chemokine family and elicits its effects on its target cells by binding to the chemokine receptor CCR7. The chemokines CCL19 and CCL21 are commonly referred to as homeostatic chemokines and play a pivotal role in T cell and dendritic cell trafficking into lymphoid tissue (Forster et al., 2008) . New data have also revealed that CCL19 and CCL21 involve inflammatory responses (Noor and Wilson, 2012) . In coronary artery disease, CCL19 and CCL21 expression increased and potentially promoted an inflammatory, matrix degrading, and pro-thrombotic phenotype in macrophages (Damas et al., 2007) . In human immunodeficiency virus (HIV) infection, a dysregulated CCL19/CCL21/CCR7 system could play a pathogenic role in HIV infection by contributing to an inappropriate inflammation, being part of pathogenic loop, involving inflammatory interactions between HIV, CCL19/CCL21, and their receptor CCR7 (Damas et al., 2009) . In dog central nervous system inflammatory reactions, such as steroid responsive meningitis-arteritis and unknown origin meningoencephalomyelitis, CCL19 concentrations in dog's cerebrospinal fluid were often distinctly elevated (Bartels et al., 2014) . These studies have suggested that CCL19 could acts as a lymphocyte chemoattractant factor via CCR7 in some virus infection or inflammatory disorders.
As it is known, CCR5 and CXCR4 and their ligands also positively take part in the process of T cell development, migration, and distribution (Bleul and Boehm, 2000; Sallusto and Baggiolini, 2008) . In vivo study demonstrated that CCR5 and CXCR4 antagonists treatment of chickens infected with IBDV could increase the mRNA expressions of IBDV structural protein and influence some gene levels, such as IL-2, IL-6, and IFN-γ (Ou et al., 2017a) . Further study has displayed that the mRNA expressions of CCL19 were largely increased on 1 and 3 dpi and could interact with many differentially expressed genes after IBDV infection (Ou et al., 2017b) . All these data strongly indicated that some chemokines, especially for CCL19, played an important role in T cell migration into bursae during IBDV infection. The aim of the present study was to evaluate the roles of CCL19 in the accumulation of bursa in the early stage of IBDV infection.
MATERIALS AND METHODS

Virus and Animals
The IBDV HN strain was isolated from 30-d-old broiler chickens and the related genome information could be found in Genbank (Accession no.: KY948019). It was a very virulent IBDV strain through genome comparison. The virus was propagated in 10-d-old embryonated specific-pathogen-free (SPF) eggs. SPF chickens in the period of 3 wk of age (Meria, Beijing, China) were used in the study, and all the experimental procedures and animal management were in accordance with the rules of the Institutional Animal Care and Use Committee at Henan Institute of Science and Technology.
Anti-Chicken CCL19 Antibody
The rabbit anti-chicken CCL19 antibody (anti-ch CCL19 Ab) was produced as follows. Based on the nucleotide sequence of chicken CCL19 (NCBI reference sequence: NM 0,013,02168), the chicken CCL19 was amplified from chicken bursae collected from chickens infected with IBDV by high-fidelity polymerase chain reaction (PCR) using the following primers: forward, 5 -CCGGAATTCATGCA GCGGCTGCA CGTT-3 , containing a EcoR I restriction enzyme cutting site, and reverse, 5 -CCGCTCGAGCTAATTG CCTTGATTTG GGAC-3 , containing a Xho I site. The PCR product was inserted into the pET30a Vector (Solarbio, Beijing, China) using double enzyme sites of EcoR I and Xho I. The resulting ligation product was then transformed into DH5α competent E. coli cells. The recombinant single colonies were transferred into LB culture medium with kanamycin and shaken overnight at 37
• C. The colonies were identified by PCR and double enzyme digestion. The identified colony was further sequenced by a commercial company. The colony with the correct sequence and orientation was selected and grown. Plasmid DNA was extracted using the TIANprep mini plasmid kit (TIANGEN, Beijing, China) and then transformed into E. coli BL21 cells to express the chicken CCL19 protein as a fusion protein carrying a glutathione S-transferase (GST) tag. The CCL19-GST tag fusion protein was purified with a nickel column under denaturing conditions (Ni Sepharose 6Fast Flow, GE Healthcare). The CCL19-GST tag fusion protein was analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis and western blotting with an anti-GST tag mAb. Rabbit anti-chicken CCL19 polyclonal antibody was produced according to routine immunity process (Jiang et al., 2013) . The recombinant protein was inoculated into New Zealand rabbit with complete or incomplete Freund's adjuvant for three times. After the serum titer was determined by ELISA method and met the expected standards, collect serum by cardiac blood collection under the condition of ether anesthesia. Then the polyclonal antibody was purified by saturated ammonium sulfate precipitation and dialysis method.
Experiment Design
Twenty-four SPF white leghorn chickens aged 21 d old were randomly divided into two groups with 12 for each group: the control group (the healthy group) and the IBDV-inoculated group (the infection group). The chickens of the two groups were fed in the separate isolators under the same conditions. Chickens in the infection group were infected with IBDV HN strain virus stock. Each chicken was inoculated with 0.2 mL of diluted virus containing a dose of 10 4.6 EID 50 /0.1 mL through the eye-nose drop. Chickens in the control group were challenged with 0.2 mL of (PBS) per bird as controls. On 1, 3, 5, and 7 d post-infection (dpi), three chickens from each group were euthanized for bursa collection. Each bursa was divided into two equal parts: one part was used for paraformaldehyde fixation, the other part was immediately quick-frozen with liquid nitrogen and then stored in -80
• C refrigerator for RNA and total protein extraction.
Quantitative Reverse TranscriptionPolymerase Chain Reaction (qRT-PCR)
Total RNA was extracted using Omega total RNA Mini kit (Omega, Atlanta, USA) according to the manufacturer's instructions. Then the total RNA was reverse transcribed to cDNA using the reverse transcription reagent (Promega, Wisconsin, USA). CCL19 sense primer: 5 -ATGCA GCG-GCTG CACGTT-3 ; antisense primer: 5 -CTAATT GCCTTGATTT GGGAC-3 . CCR7 sense primer: 5 -CCCAA CCTGAC TACTA ACACGG-3 ; antisense primer: 5 -GGAAGGCAGCA CGGAAAT-3 . Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was carried out with SYBR Green PCR Master Mix (Invitrogen, Shanghai, China). The qRT-PCR cycling program was as follows: 95
• C for 10 min and 40 cycles at 95
• C for 15 s, 58
• C for 30 s, and 72
• C for 20 s. β-actin was used as the re (Ou et al., 2017b) . Quantifications were performed with StepOne software v2.3 based on a standard curve established using cDNA from the bursa of a healthy chicken. All of the samples were tested in duplicate, and the mean was used for further calculations. Each primer set produced the same single peak melting curve for all of the samples, and a single band with the predicted size was detected by 1% agarose gel electrophoresis. Each run included a notemplate control to test for contamination of the assay reagents.
Immunohistochemistry Staining (IHC)
Immunohistochemistry staining (IHC) method was followed as the previous process with some modifications (Ma et al., 2015) . Paraffin-embedded sections were deparaffinized and then rehydrated through graded alcohols. After that, sections were immersed in absolute methanol containing 0.3% hydrogen peroxide for 40 min to inhibit endogenous peroxide activity. Following immersion, antigens in the sections were repaired through microwave heat repair. Sections were incubated with normal goat serum for 20 min and then incubated with the rabbit anti-ch CCL19 polyclonal antibody (1:100) overnight at 4
• C. After the incubation period, sections were washed three times with 0.01 M phosphate buffer saline and then incubated with 1:500 dilutions of biotinylated goat anti-rabbit secondary antibody (Bioss Antibodies, Beijing, China) at room temperature for 2 h. After three times wash with PBS, the sections were incubated with 1:400 dilutions of streptavidin-horseradish peroxidase (ZSGBBio, Beijing, China) at room temperature for 30 min. The sections were again washed three times with PBS and incubated with a mixture of hydrogen peroxide and diaminobenzidine tetrahydrochloride (ZSGB-Bio, Beijing, China) for 5 min in the dark. Finally, sections were washed in water and mounted. The stained slides were scored by Imagepro Plus software (Media Cybernetics, USA) and all data were expressed as the mean value ± standard deviation.
In vitro Chemotactic Experiment
To evaluate the chemotactic effects of CCL19 protein or bursal tissue homogenate, the in vitro chemotaxis analysis was performed using peripheral blood lymphocyte (PBL). Briefly, total bursal proteins were extracted from bursae following instructions of RIPA buffer (Solarbio, Beijing, China). PBL were isolated and seeded in the top chamber of a commercially available 12-well Transwell plates (Costar, NK, USA). The cells were placed in a total volume of 200 μL medium while about 800 μL medium with chemokines (from 10 ng/ml to 500 ng/ml CCL19) or bursal protein was added to the lower chamber. The well contained cells in the top chamber and medium alone in the bottom chamber was used as control. After 3 h incubation at 37
• C, both cells in the top and bottom chamber were collected and quantified by counting under optical microscope. Chemotaxis percentage was determined as the migration percentage of the cell numbers of lower chamber to that of the total cell numbers.
Statistical Analysis
All data were analyzed through the software package SPSS 13.0 for Windows. Results were displayed as mean ± standard deviation. A one-way ANOVA was used to examine the difference between the infection group and the mock group for all statistical analysis.
RESULTS
Production and Specific Detection of Rabbit Anti-ch CCL19 Ab
To obtain anti-ch CCL19 ployclonal antibody and identify the expression level of CCL19 protein in bursae collected from chickens inoculated with IBDV, chicken ccl19 gene was cloned and an expected size of 300 bp was obtained ( Figure 1A ). Then the targeted gene was expressed by using prokaryotic expression system and high-purity protein with the expected size of 13 kD was acquired by a series of optimization conditions (Figure 1B) . Then chicken CCL19 protein was used to produce anti-ch CCL19 polyclonal antibody and the polyclonal antibody was certified by western blotting method. The results displayed that the specificity of the produced anti-ch CCL19 polyclonal antibody was very high ( Figure 1C) . The efficient ployclonal antibody laid the foundation for subsequent tests. 
Chicken CCL19 Expression was Obviously Elevated after IBDV Infection
To explore whether CCL19 is involved in T cell migration into bursae during IBDV infection, the mRNA and protein levels of CCL19 in bursae were determined by qRT-PCR and IHC method ( Figure 2 ). As is shown in Figure 2A , bursal CCL19 mRNA expression of chickens in the infection group began to increase on 1 dpi, and amounted to the highest value of 73.4 on day 5, then decrease into the value of 21.4 on 7 dpi. The ccl19 mRNA expression levels for the infection group were significantly higher than those of the control group on 1, 3, 5, and 7 dpi (P < 0.01). Figure 2B displayed the chicken bursal CCL19 protein expression levels between the infection group and the control group. During the whole process of the experiment, the CCL19 protein expression levels almost showed no obvious changes in the control group. However, for the infection group, CCL19 protein level began to increase on 1 dpi and reached the highest value on 5 dpi. Then the CCL19 protein levels restored the normal level on 7 dpi. The CCL19 protein expression levels for the infection group were significantly higher than those of the control group on 3 and 5 dpi (P < 0.01).
Total Bursal Protein Could Recruit Peripheral White Blood Cell
To test CCL19 protein in bursae with the ability of recruiting T cell, in vitro chemotaxis test was carried out and the results were shown in Figure 3 . The prokaryotic expressed CCL19 protein had the highest migration percentage and amounted to 61%. When the prokaryotic expressed CCL19 protein was inoculated with anti-ch CCL19 Ab before in vitro chemotaxis test, the migration percentage decreased to 39% (P < 0.01). Likewise, the total bursal protein also had the ability of recruiting peripheral white blood cells and the migration percentage was a little higher than that of the blank control with only basal medium (P < 0.05). However, when bursal protein was inoculated with anti-ch CCL19 Ab before in vitro chemotaxis test, there were no obvious changes in the migration percentage between the bursal protein and the blank control.
Chicken CCR7 mRNA Expression Post-Infection with IBDV
To testify the role of the CCL19/CCR7 axis in T cell recruiting, the ccr7 mRNA expression level in the infection group was determined by real-time PCR (Figure  4) . The results demonstrated that the ccr7 mRNA expression level began to increase on day 3 post-infection with IBDV and reached its maximum value of 206.3-fold. Then the ccr7 mRNA expression level rapidly restored to the same level with the control group. The ccr7 mRNA expression in the infection group were significantly higher than those of the control group on day 3 and 5 post infection with IBDV (P < 0.01). * * Indicated that CCL19 mRNA expression in the infection group was significantly higher than those of the control group (P < 0.01) on 1, 3, 5, and 7 dpi with IBDV. (B) Immunohistochemical staining of CCL19-immunopositive cells of chickens collected from the infection and control groups on 1, 3, 5, and 7 dpi with IBDV. 1: Bursae from the control group on day 1. 2: Bursae from the infection group on day 1. 3: Bursae from the infection group on day 3. 4: Bursae from the control group on day 7. 5: Bursae from the infection group on day 5. 6: Bursae from the infection group on day 7. * * or * indicated that the migration percentage of PWBC for CCL19 protein or total bursal protein were significantly higher than those of the blank control with only basal medium (P < 0.01 or P < 0.05). Soubies et al., 2017; Ye et al., 2017) . There were also some particular studies on the role of infiltrated T cell in bursa of Fabricius (Kim et al., 2000; Rautenschlein et al., 2002; Rauf et al., 2012) . Recently, Yu et al. investigated the CD4+CD25+ T cell changes of lymph organs in chickens and the data revealed a remarkable infiltration of CD4+CD25+ T cells into bursa after IBDV infection. Their data indicated that chicken CD4+CD25+ * * Indicated that CCR7 mRNA expression in the infection group was significantly higher than those of the control group (P < 0.01) on day 3 and 5 post infection with IBDV. cells participated in IBDV pathogenicity by migrating from their sites of origin and storage to the virally targeted bursa of Fabricius . However, there was still an important problem about T cell which was unclear: what were the key factors to recruit T cell into bursa of Fabricius? In the current study, the results displayed that the gene and protein expression levels of chemokine CCL19 in bursae of chickens infected with IBDV were largely elevated compared with the control group. Moreover, its receptor CCR7 was also tremendously increased and the bursal protein had the ability of recruiting peripheral white blood cell (PWBC). In all, CCL19 might be the main bursal T cell chemoattractant factor during IBDV infection.
DISCUSSION
Chemokine is a kind of cytokine protein-like substance with the ability of chemotaxis. The molecular mass is generally 8 to 12 ku with 60 to 130 amino acid residues. They can activate chemokine receptors and have functions of promoting cell differentiation, migration, and tissue localization in inflammatory and normal physiological state (Anders et al., 2014) . Up to now, 10 chemokine receptors expressed in T lymphocyte and 23 chemokines have been identified in chicken genome by silico analysis (Smith et al., 2004; Wang et al., 2005) . However, there were not only almost no avian chemokine antibody in commercial company, but also almost no studies on avian T cell migration regulated by chemokine and their receptors. Especially, amino acid sequence of CCL19 between chicken and other species has a very low conservation (Supplementary Figure S1 ). Therefore, monoclonal or polyclonal antibody against CCL19 must be prepared by yourself in advance if you want to determine CCL19 protein content by western blot or IHC method. In the study, avian CCL19 gene was cloned and then expressed in prokaryotic expression system. Moreover, polyclonal antibody was prepared based routine immune method. The polyclonal antibody could react with CCL19 protein, which lay the foundation for CCL19 protein determination.
Similar with some other researches, our previous study has displayed that more and more T cell migrated into bursa of Fabricius accompanying with IBDV replication (Ou et al., 2017a) . No matter IBDV is attenuated or very virulent, varying degrees and numbers of T cell could migrate into the target organ of IBDV, indicating that T cell-mediated immune responses played a vital role in IBDV clearance (Tanimura and Sharma, 1997) . Most of cases, T cell migration and homing would be dependent on the axis of chemokine and its receptor. Hepatitis B virus-nonspecific mononuclear cells, such as natural killer T cells and T lymphocytes, are recruited into liver mainly due to chemokine SDF-1 and its receptor CXCR4 (Cho et al., 2014) . Bunsoon Choi et al. has displayed that CCL21 could up-regulate CD8+T memory cells to attenuate herpes simplex virus-induced inflammation (Choi et al., 2013) . The current study has demonstrated that IBDV could induce high expression of CCL19, not only in gene level, but also in protein level. Moreover, the bursal protein also had the ability of recruiting PWBC and could be blocked the ability by anti-ch CCL19 Ab. Meanwhile, as the receptor of CCL19, the CCR7 mRNA expression levels were also elevated after IBDV infection. Taken together, all these results indicated that CCL19 was the key chemoattractant factor for T cells infiltration in bursa of Fabricius in the process of IBDV infection.
Actually, the axis of CCL19/CCR7 not only takes part in the immune cells migration, but also is involved with virus invasion. During HIV infection, resting CD4 + T cells incubation with CCL19 didn't change the marker of activation and proliferation, but increased the permissiveness of resting CD4 + T cells to HIV-1 infection (Saleh et al., 2007) . In clinical and experimental atherosclerosis, the abnormal regulation of CCL19 and CCL21 and their common receptor could recruit T-cells and macrophages to the atherosclerotic lesions and promote inflammatory responses in these cells to change disease progression (Damas et al., 2007) . In the asthma disease, the CCR7/CCL19 axis provided a novel chemotactic pathway for the recruitment of the airway smooth muscle (ASM) or ASM progenitors to the asthmatic ASM compartment (Kaur et al., 2006) . In all, on one hand, the main role of CCL19 is to recruit immune cells into the lesions to limit virus infection and inflammatory responses; on the other hand, CCL19 could facilitate virus invasion. Up to now, during the process of IBDV infection, CCL19 also take on the responsibility of recruit T cells, regardless of its direct effects on IBDV replication or not.
In conclusions, the present study demonstrated that higher levels of CCL19 in bursa from chickens infected with IBDV. Although other chemokines were not excluded to participate in the process of T cell migration, CCL19 acted as a key chemotactic factor to contribute to the pathogenesis of IBDV by recruiting PWBC to the bursa.
SUPPLEMENTARY DATA
Supplementary data are available at Poultry Science online. Figure S1 . Evolutionary relationships of CCL19 between chicken and other species.
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